INTRODUCTION
Rock magnetism is the study of the fundamental magnetic properties of the magnetic minerals present in rocks. In submarine basalts the dominant carriers of the magnetic signal are titanomaghemites, which are titanomagnetites that have been oxidized to varying degrees at low temperatures. They are single phase and retain the spinel structure of the original titanomagnetite. High-temperature oxidation is generally absent in submarine basalts. Our knowledge of the magnetic properties of titanomaghemites is very limited. The most exhaustive study is that by Readman and O'Reilly (1972) , who examined some of the magnetic properties of synthetic samples; but although their samples spanned the whole composition range of the titanomaghemites, their study was limited by the necessity for keeping grain size small if one is to produce single-phase oxidation products. The mean grain size in their samples was about 0.1 µm. So until a method is found to produce large-grain synthetic titanomaghemites, we are confined to studies of the natural grains in submarine basalts.
We have measured the magnetic properties of 99 DSDP Leg 49 basalts (Sites 407 through 413). Routine measurements of paleomagnetism were made on all samples, but the main emphasis was placed on increasing our knowledge of the rock magnetic properties.
The magnetic properties reported here are as follows: 1) Saturation magnetization (J s ).
2) Intensity and stability of natural remanent magnetization (NRM) and isothermal remanent magnetization (IRM).
3) Hysteresis parameters, i.e., coercive force (He), remanent coercive force (HRC) , and the ratio (JRS/JS) of saturation remanence (JRS) to saturation magnetization. 4) Weak field susceptibility (x).
EXPERIMENTAL METHOD
The magnetic properties reported here were measured at the rock magnetism laboratory, University of California (Santa Barbara).
The first measurements made were routine paleomagnetism measurements on those samples that had not been measured by the shipboard party. The intensity of NRM was measured on a Schonstedt spinner magnetometer coupled to a Nova 2/10 mini-computer. The samples were progressively demagnetized to at least 10 per cent of their 36-2, 91-93 36-2, 120-122 36-3, 56-58 36-3, 140-142 37-1, 140-142 38-3,56-58 39-2, 23-25 39-3, 25-27 39-3, 42-44* 39-3, 126-128 39-3, 140- 93-95 36-3,41-43 36-4, 37-40 36-4, 118-120 37-1, 13-15 37-3, 43-45 38-3, 119-124 Hole 408 7-7,48-50 9-3, 130-132 10-1, 10-12* 10-2, 138-140 10-7, 6-8 11-1,54-56 11-4, 36-38 13-3, 37-40 15-1, 26-28 15-2, 62-64 16-1, 89-92 17-1, 36-38 18-3, 104-106 18-4, 20-23 22-1,53-57* 23-2, 34-35 24-1, 142-148* 24-2, 45-47 24-4, 88-93 24-5, 80-90 24-6, 65-71 25-3, 84-86 28-1, 39-42 31-1, 116-118 Hole 410 38-1, 20-22 39-1, 76-78 39-3, 78-80 39-5, 103-105 39-6, 10-12 40-1, 58-60 
Saturation Remanence, JRS, and JRS/JS
One might expect to find a greater variation in JRS than Js, because JRS is dependent on grain size and shape, as well as on composition and concentration. This is not the case here; the samples with the lower JRS/JS values have the larger Js values, and this tends to tighten the distribution of JRS (Table 1) . The ratio JRS/JS is a useful magnetic parameter because it is independent of concentration. Figure 2 (Day et al., 1977) . This estimate agrees with the visual estimates given in the next chapter.
Coercive Force, He, Remanent Coercive Force, HRC, and Median Destructive Field, MDF Figure 3 shows the distribution obtained for the bulk coercive force (He). Again we see different behavior in each hole; all holes show a wide range of bulk coercivities. In Hole 412A, the bulk coercivities are low; 12 of the 14 samples measured have He < 100 Oe. In contrast, in Hole 410A all 18 samples have high coercivities (> 160 Oe). Holes 407, 408, and 409 again show the greatest variation in He, although in Hole 407 there is a definite bias toward low He. Coercive force is not as good an indicator of domain state and magnetic grain size as JRS/JS, because we have to consider the origin of coercivity. After examining all the magnetic data, however, we feel that there is a natural (although somewhat arbitrary) break at about He = 100 Oe. This break does not necessarily coincide with the SD-PSD or PSD-MD transition size, but as we will see later, it is related to the oxidation state of the magnetic grains.
The distribution of remanent coercive force (HRC) is not shown, because it is not too different from that of He, but the ratio HRC/HC is shown (Figure 4 ) for the whole sample set. Theory (Stoner and Wohlfarth, 1948) predicts that in the limiting case of a random assemblage of identical non-interacting uniaxial SD grains, HRC/HC = 1.09. In practice, values less than about 1.4 are obtained for SD titanomagnetites (Day et al., 1977) . As the grain size increases through the PSD range, HRC/HC increases from about 1.4 to 3 or so. It is not possible to calculate HRC/HC for the PSD-MD transition, but experimentally derived values of 3 to 4 are found for this transition (Parry, 1965; Day et al., 1977) . With these estimates in mind, we can now use HRC/HC to obtain another estimate of the magnetic grain sizes in our samples. Again we find that most of our samples contain SD and small PSD grains, and it is these samples that have the high He values (Figure 4) .
In the absence of measurements of He and HRC, the mean destructive field (MDF) has commonly been used to estimate the coercivity distribution. We have listed the MDF's of our samples in Table 1 . MDF(l) is the mean destructive field from the NRM demagnetization curve, and MDF(2) is from the IsRM demagnetization curve. Derivations of coercivity spectra from MDF(l) values must be made cautiously, since reversed samples have in general higher MDF's because of the presence of a normal secondary component. MDF(2) will give a better estimate of the coercivity.
Weak Field Susceptibility, x
The distribution of weak-field susceptibility is shown in Figure 5 . A logarithmic scale has been used on the abscissa for convenience in plotting. We do not, however, want to suggest that this is necessarily of physical significance. Figure 5 shows that there is a relationship between x and He. Low susceptibility is observed for samples with a high coercive force.
Intensity of Natural Remanent Magnetization, JN, and the Koenigsberger Ratios, Q (=JN/XH)
The intensity of natural remanent magnetization is shown in Figure 6 . We do not find a correlation here between JN and He, and the distributions of JN for high He samples and low He samples are similar. The Koenigsberger ratio, Q (Figure 7 ), does correlate with He; the highest Q values are observed for the high coercivity samples. This correlation is therefore the result of the strong correlation between x and He.
DISCUSSION
The results given in Table 1 and Figures 1 through 7 indicate that there are two kinds of magnetic behavior in these submarine basalts. Some samples, such as those from Hole 410A, are typical of SD and small PSD grains; that is, JRS/JS is close to 0.5, HRC/HC is low, the initial susceptibility is low, and the NRM and the saturation remanence are both stable to A.F. demagnetization. Other samples, for instance most of those from Hole 412A, exhibit soft magnetic properties indicating large PSD and MD grains. In Figure 8 , we have plotted JRS/JS against HRC/HC to show how the submarine basalts compare with sized synthetic titanomagnetites. It is obvious from Figure 8 that SD and PSD grains are dominant in most of the samples.
We have measured the Curie temperature of 28 of the 99 samples (see Kobayashi et al., this volume) . The magnetic properties of these samples are listed in Table 2 , along with the thermomagnetic data from the next chapter (Kobayashi et al., this volume) .
In Table 2 , the samples have been divided according to the type of thermomagnetic curve. The first 13 samples have reversible thermomagnetic curves, and the rest (15 samples) have irreversible curves. The difference between the magnetic properties in these two groups is striking. The reversible group contains the samples that are magnetically soft; the irreversible group contains the samples that are magnetically hard. If we associate the reversible thermomagnetic curves with stoichiometric titanomagnetites and slightly oxidized titanomaghemites (Z 0.5, using Readman and O'Reilly's calibration diagrams [see for example Hall and Ryall, 1977] ), and irreversible curves with the more strongly oxidized titanomaghemites, it is apparent that there is a relationship between oxidation state and the magnetic properties; i.e., the more oxidized samples are much harder magnetically. Dunlop and Hale (1977) reached the same conclusion from measurements on Leg 37 basalts. Following their notation, we will refer to the samples with reversible thermomagnetic curves as type I, and those with irreversible curves as type II. The grain size estimates from the opaque work (shown in Table 2 ) indicate that the type I samples, in general, contain larger grains than type II samples. This is certainly so in Holes 410A and 412A (see Kobayashi et al., this volume) . Table 2 contains three samples (marked with double asterisks) whose properties do not fit the above pattern. Sample 409-24-1, 142-148 cm is discussed in detail in the next chapter (Kobayashi et al., this volume) , and is thought to be an andesite that contains magnetite. Sample 407-39-3, 42-44 cm has an irreversible thermomagnetic curve but a low Curie temperature (200°C), and magnetic properties closer to the type I samples. It is possible that in this case the irreversibility may be the result of thermal lag in the magnetic balance. In Sample 410A-2-5, 12 cm, there is a contact present, and the magnetic properties indicate a mixture. Also, the two Curie temperatures listed come from two distinctly different parts of this sample (see next chapter). We therefore feel justified in excluding these samples from our discussion.
In Table 3 , we show the mean values of the magnetic properties of type I and type II samples. This table shows clearly the differences between the two types of behavior, as does Figure 8 when we distinguish between the two types. Further, Figure 8 suggests that the type II samples contain finer grains, which is consistent with the visual observations. It is not obvious why type II samples should contain the finer grains. Is it because the finer grains are preferentially oxidized, or does the oxidation process reduce the grain size? One would intuitively think the former, but Johnston and Hall (in press) have suggested that the cracking found in oxidized grains is shrinkage cracking caused by reduction of volume. Further, the cracks could act to reduce the grain size. This has been taken into account whenever possible in the visual estimates of grain size. We feel, however, that this ambiguity cannot be resolved with the present data.
It is disturbing to find that whereas the magnetic properties are different for type I and type II samples, the intensity of NRM does not change significantly (see Table 3 ). We offer no explanation for this observation at this time.
After examining the measured magnetic properties (Tables 2 and 3), we decided that we could use a coercive force of 100 Oe as a method of dividing the whole data set (99 samples) into two types. When this is done, as we have shown in Figures 1 through 6 , we see that the whole data set can be interpreted in the same general way that we have interpreted the 28 samples whose Curie temperatures are known. Unfortunately, a model for the variation of magnetic properties with oxidation must await further, more detailed, investigations.
CONCLUSIONS
The magnetic properties of 99 DSDP Leg 49 basalts show a great variability, not only between sites, but also within each site. These variations, however, are not systematic with age, depth or location (see Steiner et al., this volume) . The 99 samples can be divided into two distinct types with markedly differing magnetic properties. Thermomagnetic measurements on 28 of these samples indicate that our division into two groups is exactly the same as that found by previous workers using the criterion of reversibility of thermomagnetic curves. In the absence of a complete explanation for the differences between the two types, we can summarize our observations as follows: 1) Highly oxidized samples (type II) contain mainly SD and PSD grains. They exhibit large coercivities (Hc>lOO Oe), a high JRS/JS value, low HRC/HC ratio, and low susceptibility.
2) Slightly oxidized samples (type I) contain large PSD grains and MD grains. They are magnetically soft (coercive force less than 100 Oe, high susceptibility, low JRS/JS). 3) Saturation magnetization decreases by a factor of about 3 on oxidation.
4) The Koenigsberger ratio, Q, is much larger for type II samples.
5) There is no significant difference in mean intensity of NRM for the type I and type II samples.
6) The type II samples generally contain finer opaque grains than type 1 samples.
We have thus extended our knowledge of the magnetic behavior in submarine basalts to show that, in addition to two types of thermomagetic behavior, we have two distinct types of magnetic behavior. The reasons for the occurrence of these different magnetic types must be discovered before we can fully understand the magnetization of the oceanic crust. 
